The development of a compact portable 10 V Josephson voltage standard has been described previously. Here we discuss modifications, accuracy intercomparisons, field testing and operator training carried out prior to its deployment as a traveling primary standard for nine NASA standards laboratories.
Introduction
The design and fabrication of a compact transportable fully automated 10 V Josephson Voltage Standard (JVS) for calibrating dc reference standards and digital voltmeters has been described previously [l] . Here we discuss modifications, accuracy intercomparisons, field testing and operator training carried out prior to its deployment as a traveling primary standard for nine NASA standards laboratories. The portable standard will circulate among the NASA laboratories spending about one month at each. A second identical standard is being built for use by DOE standards laboratories.
The portable standard, which has a mass and volume of only 21 kg and 0.03m3 (excluding the liquid helium Dewar), is highly automated and designed to be operated by technicians without higher level technical support. The standard can be easily transported by next day air shipment in two custom containers and set up in less than an hour. It is cooled in a standard 100 L liquid helium storage Dewar that is sufficient to operate the Josephson array for six to eight weeks. By using the commercial 100 L transport Dewar, no liquid helium transfer is required. A second version of the standard is designed to be cooled with a compact portable 4 K refrigerator system which is currently under development.
The portable system consists of three components: (1) a notebook control computer, (2) an electronics package in a *Contribution of the U.S. Government, not subject to copyright. This work was supported by the National Aeronautics and Space Administration under Funding Document CC72715B and by the United States Department of Energy under Contract DE-ACO4-94AL8500.
13 cm high rack-width box, and (3) a cryoprobe designed to fit in a wide variety of commercial Dewars. In addition, a compact printer and two solid-state voltage references, used as check standards, travel with the system. Software for the system has the same basic calibration and data display algorithms used is the program NISTVolt [2]. The software includes control of all system parameters as well as complete self-calibration and self-diagnosis. In the systems' automatic mode there are no user adjustable controls. Environmental data are automatically recorded with each measurement. Over 70 pages of help documentation are available on line and can be easily searched for any word or phrase.
Modifications
The rigid dielectric waveguide used in an earlier version of the cryoprobe [l] has been replaced by a more reliable rigid tube waveguide [3] consisting of a 12.7 mm diameter internally gold plated stainless steel tube with launching horns at each end. Typical attenuation of this 1.25 m long waveguide is 1.2 dB at 77 GHz [4] . In addition, a superconducting level sensor has been added to the cryoprobe to simpllfy monitoring the liquid helium level in the Dewar.
Intercomwwisons
In early 1997, the 3 V Josephson array chip used for the initial intercomparisons was replaced by a 10 V chip. After installation of the 1OV chip, intercomparisons continued, the portable standard was compared to laboratory JVS standards both at NIST in Boulder, CO and at Sandia National Laboratories (SNL) in Albuquerque, NM using solid-state voltage standards to make the transfers. The results of all intercomparisons can be seen in Table 1 . Shown in the table are the month and year of the intercomparison, the laboratory at which it took place, the number of solid state standards used in the tests, the test voltage, the means of the measured differences in voltage between the portable and laboratory JVS systems, the uncertainty of the measurement process, the number of measurements and the number of degrees of freedom for each intercomparison. The Type A uncertainties seen in Table 1 are dominated by the low frequency noise of the solid state standards used to make the transfers. The Type B uncertainties are due primarily to uncertainties in the uncorrected thermal offsets, the leakage corrections and the frequency and are similar for the three systems. The combined standard uncertainty is still dominated by the low frequency noise in the solid state standards and shows no s i d c a n t indication of any real difference between the portable and the laboratory JVS systems. As can be seen in Table 1 
Field TestinP and Training
The JVS has been successfully field tested at two NASA facilities, the White Sands Test Facility in NM and the Kennedy Space Center in FL, remaining at these locations for one and three months respectively. After one day of training the staff at each facility were able to successfully operate the standard and produce excellent calibration results. Extensive notes taken during these tests were used to improve the operating instructions and software so as to simplify the setup and operation of the standard. The standard has been shipped six times by overnight air express as of December 1997. The only problem encountered were some fasteners in the cryoprobe that vibrated loose on two occasions; these problems have been corrected.
In early December 1997 operators from the nine participating NASA facilities received three days of training, lecture and hands on instruction, on procedures for setting up and operating the JVS. A users group was also formed to inanage the operation of the standard, which will be shipped to the Kennedy Space Center, the lead laboratory for the project, in early January. Then, it w i l l began its cycle through the NASA complex in early February 1998. Experiences of the NASA users will be discussed at the conference.
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